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(54) METHOD FOR MANUFACTURING COLOR IMAGING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a 
color imaging device by which a pattern shape (three-dimensional shape) 
sis not collapsed by a film hardening treatment and a pattern width is not 
widened in the lateral direction even when the pattern of a color filter is a 
fine pattern of 3 |a,m X 3 |j,m or less. 

SOLUTION: In a method for manufacturing a color imaging device by 
using a plurality of light receiving elements and pigments disposed at the 
light incident side of each light receiving element, exposure to ultraviolet 
ray is performed between development and film hardening in a process 
for at least providing a magenta color filter. 




* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of a color imaging device performing ultraviolet-rays-exposure processing 
between a development of a process characterized by comprising the following, and dura mater processing. 
Two or more photo detectors. 

In a manufacturing method of a color imaging device using paints formed in the light incidence side of each photo 
detector, it is a magenta light filter at least. 

[Claim 2]A manufacturing method of the color imaging device according to claim 1, wherein magenta pigments 
used for said magenta light filter are paints of rhodamine structure. 

[Claim 3]A manufacturing method of the color imaging device according to claim 2, wherein paints of said 
rhodamine structure are CLPigment Red Rhodamine. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the image sensor represented by C-MOS, CCD, etc. 

It is related with the manufacturing method of the complementary color system color imaging device which has an 

effect in the improvement in sensitivity especially. 

[0002] 

[Description of the Prior Art]The field (opening) which contributes to the photoelectric conversion of image 
sensors, such as CCD, will be restricted to about 20 to 40% to the whole surface product, although it is 
dependent also on element size or a pixel number. As for an opening being small, since it leads to sensitivity 
lowering as it is, in order to compensate this, it is common to form the micro lens for condensing on a photo 
detector. It is impossible however, to obtain sufficient sensitivity only by the condensing effect of a micro lens 
with progress of high-pixel[ highly-minute-izing and ]-izing. 

[0003]As for colorization of an image sensor, it is common to be carried out by allocating the primary color light 
filter of B (blue), G (green), and R (red) on that photo detector, respectively, and the colorized image sensor 
separates the color with this light filter. Although the ease of color separation and good color reproduction were 
obtained by using this primary color light filter, the light filter of B (blue), G (green), and R (red) had only the 
transmission region of the light in the narrow range near dominant wavelength, respectively, and was set to one of 
the causes of sensitivity lowering. 

r0004] Drawing 3 is a fragmentary sectional view showing an example of such an image sensor. As shown in 
drawing 3 , an image sensor on the surface A photo detector (37), a light shielding layer (36), On the 
semiconductor substrate (38) in which the barrier film (39) etc. were formed, a flattening layer (34), a primary 
color light filter (33B, 33G, 33R), a flattening layer (35), and a micro lens (30) are formed one by one. The primary 
color light filter (338, 33G, 33R) which constitutes the image sensor shown in drawing 3 has the spectral 
characteristic as shown in drawing 4 , for example. 

As for each light filter, light penetrates the field of abbreviated 1 / 3 of 400-700 nm of wavelength areas. 

[0005]On the other hand, in the highly minute image sensor, Y (yellow) of the complementary color as shown in 
drawing 5 , M (magenta), and C (cyanogen) have been used more often. This complementary color is equivalent to 
the complementary color of B (blue), G (green), and R (red), and in the light filter (light filter using a 
complementary color pigment) of the complementary color. In order that light may penetrate the field of 
abbreviated 2 / 3 of 400-700 nm of wavelength areas unlike a primary color light filter, a light filter twice 
[ abbreviated 2 ] the sensitivity of primary color will be obtained. In the highly minute image sensor called 3 million 
pixels and 6 million pixels and the low cost (as many elements of small chip as possible are taken) image sensor 
which aims at a cost cut by multiple attachment to a semiconductor wafer, it is tended to adopt the light filter of 
the complementary color. 

[0006]Coloring matter is dyed by distribution, and a primary color light filter and the light filter of the 
complementary color dye organic resin organic resin with high transmissivity with coloring matter, and acquire the 
target spectral characteristic (amorous glance). It is common to these organic resin to give photosensitivity and 
alkali development property and to form the light filter of each color with the publicly known photolithographic 
method. The light filter of three colors thru/or four colors is usually adopted as a color imaging device in many 
cases. The formation process of the light filter of each color performs dura mater processing at the temperature 
of about 1 50 ** - 230 ** through exposing treatment and a development, respectively. This dura mater 
processing is processing which stiffens the pattern of a light filter and performs the improvement and the 
adhesive improvement in tolerance. Laminating is common after these light filters form a passivation film and a 
flattening film on the silicon substrate of 6 inches in which semiconductor DEHANAISU, such as a photo detector, 
was formed, or 8 inch diameters. The development which a semiconductor device makes easy the output from a 
photo detector besides a photo detector, and incorporates a peripheral circuit for a miniaturization is also 



progressing. 

[0007]As a method of manufacturing a light filter using organic resin and coloring matter, it can roughly classify 
into a staining technique (resin is dyed by a color), and a pigment dispersion method (paints are distributed to 
resin). A color tends to acquire the spectral characteristic with high comparatively high transmissivity and 
flexibility (amorous glance). Although paints (organic color) are not this point and how much so good, they have 
heat resistance higher than a color and high lightfastness, and are advantageous in respect of the reliability of 
user-friendliness or an image sensor. The image sensor was recently carried in the digital camera of PDA (a 
personal youth's information terminal), and an outdoor type way, the video camera, the cellular phone, etc. more 
often, and, for this reason, the light filter using paints with high reliability including lightfastness is being used 
more often gradually. 

[0008]Now, as for the pattern of the light filter formed on a photo detector, the detailed pattern (5 micrometers x 
5 micrometers, or 3 micrometers x 3 micrometers or less) is demanded with progress of high-pixel[ highly- 
minute-izing and ]-izing. In such a detailed pattern, by the pattern (10 micrometers x 10 micrometers) or a 
comparatively large pattern (100 micrometers - about 300 micrometers like LCD (liquid crystal display)). Collapse 
of the pattern shape at the time of the dura mater processing which forms the light filter which hardly became a 
problem (cubic shape) has posed a big problem. 

[0009]for example, although drawing 7 shows the pattern shape after the size of about 4 micrometers x 4 
micrometers, and the development of a magenta light filter of about 1 micrometer of thickness (before dura mater 
processing), the size called it about 4 micrometers x 4 micrometers — though detailed, comparatively good 
square shape is held. However, if dura mater processing of the pattern is carried out at 200 **, as shown in 
drawing 9. pattern shape (cubic shape) will collapse, and it is checked that pattern width spreads in a transverse 
direction simultaneously. 

[0010]although, as for this tendency, there are some differences by a color others — the light filter of a color is 
also the same. Although the cyanogen light filter was shown in drawing 1 1 and the pattern shape after dura mater 
processing of a yellow light filter was shown in drawing 13 , collapse of a magenta light filter and similar pattern 
shape is accepted. There is a difference by a color, and in the complementary color of cyanogen, magenta, and 
yellow, the collapse grade of the pattern shape by dura mater processing has the largest grade of collapse of a 
magenta light filter, and is a problem in respect of accuracy reservation. These differences can be checked by 
comparison of drawing 9 . drawing 1 1 . and drawing 13 . 

[001 1]It is necessary to secure 0.1 micrometer and a very narrow gap for the gap between the patterns of a light 
filter depending on 1 micrometer or less and the case in the pattern of a light filter as detailed as 5 micrometers x 
5 micrometers, or 3 micrometers x 3 micrometers or less. However, when collapse occurred in the pattern shape 
(cubic shape) of such a detailed light filter, there was a fault derived on many problems, such as a fall of color 
purity which comes from the problem, the poor pattern alignment accuracy, and color filter film thickness of 
mixed colors shifting from a designed value. The effect is high when the light filter of the complementary color is 
adopted as improvement in sensitivity of an image sensor, as mentioned above. However, among the 
complementary color, with the magenta light filter, as shown in drawing 9. especially collapse of the pattern shape 
by dura mater processing was large, and the insufficient place was among the image sensors which are a high 
definition and a high pixel. 

[0012]Since the range of the complementary color pigment which can be chosen was very narrow on the other 
hand when it became a complementary color pigment used for the light filter of the complementary color, it was 
hard to obtain the complementary color pigment which has the outstanding spectral characteristic, and the color 
reproduction nature outstanding as an image sensor with which this adopted the light filter of the complementary 
color had been set to one of the reasons for a stake to obtain. Especially the magenta pigment called PINK-E 
which the spectral characteristic (amorous glance) of magenta is insufficient, for example, is shown in drawing 6 
had the low transmissivity by the side of short wavelength (400-500 nm), and it suited to the tendency to lose 
color balance. When it became a color used for the light filter of the complementary color, like the color used for 
a primary color light filter as mentioned above, also in magenta, lightfastness was very scarce and insufficient for 
the use of PDA, a digital camera, etc. in which high reliability is searched for. 
[0013] 

[Problem(s) to be Solved by the Invention] Even if the pattern of a light filter is a detailed pattern (3 micrometers 
x 3 micrometers or less), this invention, Let it be SUBJECT to provide the manufacturing method of a color 
imaging device without the thing in which pattern shape (cubic shape) does not collapse by dura mater processing 
by the pattern formation process of the light filter and which pattern width spreads in a transverse direction 
simultaneously. Let it be SUBJECT to provide the manufacturing method of the above-mentioned color imaging 
device using the magenta pigment which excelled conventional magenta dye in the point of the spectral 
characteristic and lightfastness. 
[0014] 

[Means for Solving the Problem]A manufacturing method of a color imaging device, wherein this invention 
performs ultraviolet-rays-exposure processing between a development of a process characterized by comprising 



the following, and dura mater processing. 
Two or more photo detectors. 

In a manufacturing method of a color imaging device using paints formed in the light incidence side of each photo 
detector, it is a magenta light filter at least. 

[0015]ln a manufacturing method of a color imaging device by the above-mentioned invention, this invention is a 
manufacturing method of a color imaging device, wherein magenta pigments used for said magenta light filter are 
paints of rhodamine structure. 

[0016]In a manufacturing method of a color imaging device by the above-mentioned invention, this invention is a 
manufacturing method of a color imaging device, wherein paints of said rhodamine structure are C.I.Pigment Red 
Rhodamine. 
[0017] 

[Embodiment of the InventionjThe manufacturing method of the color imaging device by this invention is explained 
based on the embodiment below. Drawing 1 is a fragmentary sectional view showing one example of the color 
imaging device manufactured by the manufacturing method of the color imaging device by this invention. 
[0018]As shown in drawing 1 . a color imaging device on the surface A photo detector (17), A flattening layer (14), 
the light filter (13Y, 13M, 13C) of the complementary color, a flattening layer (15), and a micro lens (10) are 
formed one by one on the semiconductor substrate (18) in which a light shielding layer (16), a barrier film (19), 
etc. were formed. In the color imaging device shown in drawing 1 . the light filter (13Y, 13M, 13C) of the 
complementary color is allocated in order of C (cyanogen), Y (yellow), and M (magenta) using each complementary 
color pigment. 

[0019]Reverse may be sufficient as a formation order of C (cyanogen) and Y (yellow) allocated on a photo 
detector in this invention. The color of W (white), G (green), and others other than the three above-mentioned 
color may be added. The percentage of each color and arrangement may be changed for the purpose. For 
example, many G (green) may be added, and it may put in by turns in checkers, and may allocate in an every two 
colors group, the case where a photo detector is CCD — G (green) — in addition, C (cyanogen), Y (yellow), and M 
(magenta) 4 colors — the shape of Masakata — four-piece combination — it is good also considering this as 
stroke matter (a photo detector is four pieces). Or G (green) may be created by the color pile of two colors of C 
(cyanogen) and Y (yellow). 

[0020]The shape of polygons, such as a quadrangle and a hexagon, or circular, a stripe, and others may be 
sufficient also as pattern shape. In the case of a photo detector with a coarse picture element pitch and a large 
numerical aperture, or a high photo detector with remarkable light-receiving sensitivity, the composition of having 
excluded the micro lens may be used. The composition of having excluded a part of flattening layer may be used, 
and it may be the composition which inserted other optical-functions elements, such as an inner layer lens, in the 
micro-lens lower part conversely. 

[0021 ]In this invention, ultraviolet-rays-exposure processing is performed between a development and dura mater 
processing. By performing this ultraviolet-rays-exposure processing, collapse of the pattern shape (cubic shape) 
of the light filter by dura mater processing can be prevented. Usually, in order to secure the shape after good 
development in the pattern formation in the photolithographic method of the light filter for image sensors, it 
becomes a light exposure of the eye fewer than the light exposure for obtaining sufficient photo-curing for how 
many minutes. That is, since light or photo-curing spreads even outside effective patterns and expansion (a 
pattern becomes large from a designed size) of a pattern dimension arises simultaneously with the defect of 
pattern shape in sufficient light exposure, it is not desirable. That is, since priority is given to pattern formation, it 
becomes a light exposure of an inevitable a little few eye. Although the influence by the pattern of a big light filter 
(10 micrometers x not less than 10 micrometers) with big a light exposure being a little few eye does not become, 
in the pattern of a detailed light filter (10 micrometers x 10 micrometers or less with narrow tolerance level), it 
leads to collapse of the pattern shape by dura mater processing. 

[0022]The characteristic of the color resist which uses the light exposure of the ultraviolet-rays-exposure 
processing after a development. That is, since it is based on an initiator, polymer, a monomer, a dispersing agent, 
a distributed auxiliary agent, a hardening agent, a paints kind, a solvent, etc. which constitute color resist, it is not 
decided uniquely, but it is 5m J/cm2-1 000mJ/cm2. A grade or the light exposure beyond this may be sufficient. 
When a throughput is taken into consideration, the range of 40mJ/cm2 - 200 mJ/cm2 is preferred. The 
ultraviolet rays to be used are the independence of i line, g line, h line, and an excimer, such combination, 
ultraviolet rays of the large wavelength band containing these ultraviolet areas, etc., are doubled with the 
characteristic of color resist and chosen suitably. By ultraviolet-rays-exposure processing after such a 
development, the good light filter which does not have collapse in pattern shape (cubic shape) can be obtained. 
[0023]In [ although it is preferred that ultraviolet-rays-exposure processing after such a development is 
performed in the pattern formation process of the light filter of each color ] the pattern of a magenta light filter 
as mentioned above. From a remarkable thing, the effect is performed at least in the pattern formation process of 
a magenta light filter. 



[0024]This invention persons found out wholeheartedly that the paints (what was insolubilized) of RO 1 DAMIN 
structure excelled conventional magenta dye in the point of the spectral characteristic and lightfastness about 
the magenta pigment as a result of examination among the complementary color pigments used for the light filter 
of the above-mentioned and the complementary color. The data of the light filter of the rhodamine paints which 
this invention persons manufactured was shown in drawing 1 4 . Although the reference of the solid line expresses 
the spectral characteristic before performing a radiationproofing test, the transmissivity by the side of short 
wavelength (400-500 nm) is high, and having the spectral characteristic outstanding as a magenta pigment is 
shown. Although the dotted line expressed the spectral characteristic after performing a radiationproofing test, 
having high lightfastness was shown in spite of a severe radiationproofing test called 10 million Ix-hr. 
[0025]Although drawing 1 5 expresses the spectral characteristic of the light filter which made acrylic resin 
distribute C.I.Pigment Red Rhodamine which is the rhodamine paints which this invention persons chose. The 
transmissivity by the side of short wavelength (400-500 nm) is high, and having the spectral characteristic 
outstanding as a magenta pigment is shown. 
[0026] 

[ExamplejHereafter, the manufacturing method of the color imaging device by this invention is explained in detail. 
<Example 1 > drawing 2 (b) - (**) are the explanatory views showing the example of the manufacturing method of 
the color imaging device by this invention at process order. First, on the semiconductor substrate (28) in which 
the photo detector (27), the light-shielding film (26), and the barrier film (protective film) (29) were formed, the 
spin coat of the transparent resin of thermosetting acrylic was carried out, dura mater processing was carried out 
and the flattening layer (24) was provided. ( Drawing 2 (**)) 

[0027]Next, as shown in the drawing 2 (**), the cyanogen light filter (21) of one amorous glance was formed by 
0.9 micrometer of thickness with the photolithographic method. 80 ** was used for the prebake after spreading, 
and exposure used organic alkali for 200mJ/cm2 and a development. After the development, ultraviolet-rays- 
exposure processing of 40 mJ/cm2 was performed, and postbake for 200 ** and 5 minutes (dura mater 
processing) was performed continuously. Next, as shown in the drawing 2 (**), the yellow light filter (22) of two 
amorous glance was formed like the above-mentioned cyanogen light filter (21). The light exposure of the 
ultraviolet-rays-exposure processing after a development was set to 80 mJ/cm2. Postbake (dura mater 
processing) conditions are the same as the conditions in the case of a cyanogen light filter. Next, the magenta 
light filter (23) was formed in the same process as the above-mentioned yellow light filter as a final color. 
( Drawing 2 (**)) 

[0028]As shown in the drawing 2 (**), after forming the flattening layer (25) by transparent resin, heat flow nature 
using the novolac system photopolymer which it has The same photolithographic method as the above, A 180 ** 
heat flow process and 200 ** dura mater processing were added, the micro lens (20) was formed, and the color 
imaging device was obtained. The place which observed the pattern shape of the light filter made with the 
manufacturing method by the above and this invention with the electron microscope, As shown in drawing 8 . 
drawing 10 . and drawing 12. the magenta light filter, the cyanogen light filter, and the yellow light filter were able 
to secure the good pattern shape of about 4 micrometers x 4 micrometers. 
[0029] 

[Effect of the Invention]In this invention, ultraviolet-rays-exposure processing is performed in the manufacturing 
method of a color imaging device using the paints formed in the light incidence side of two or more photo 
detectors and each photo detector between the development of the process of providing a magenta light filter at 
least, and dura mater processing. 

Therefore, even if the pattern of a light filter is a detailed pattern (3 micrometers x 3 micrometers or less). It 
becomes a manufacturing method of a color imaging device without the thing in which pattern shape (cubic 
shape) does not collapse by dura mater processing by the pattern formation process of the light filter and which 
pattern width spreads in a transverse direction simultaneously. 

[0030]In this invention, the magenta pigment used for a magenta light filter is the paints of rhodamine structure, 
or Cl.Pigment Red Rhodamine in the manufacturing method of the above-mentioned color imaging device. 
Therefore, it becomes a manufacturing method of a color imaging device using the magenta pigment which 
excelled conventional magenta dye in the point of the spectral characteristic and lightfastness. 



[Translation done.] 
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